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DESCRIPTION 



Title of the Invention: 

Fluoropolymer composite composition 

Technical Field: 

The present invention relates to a heat-meltable fluoropolymer composite 
composition having excellent thermal conductivity, gas and chemical liquid barrier 
properties, and dynamic properties such as storage modulus. More specifically, the 
present invention relates to a heat-meltable fluoropolymer composite composition 
having excellent thermal conductivity, gas and chemical liquid barrier properties, and 
dynamic properties such as storage modulus which comprises a heat-meltable 
fluoropolymer fine powder and a particular organically-modified layered-compound. 
The present invention further relates to a heat-meltable fluoropolymer composite 
composition having excellent thermal conductivity, gas and chemical liquid barrier 
properties, and dynamic properties such as storage modulus which is obtained by 
mixing a heat-meltable fluoropolymer fine powder and a layered-compound in 
advance so that the layered-compound is dispersed uniformly in the fine 
heat-meltable fluoropolymer powder, and then melt-mixing the mixture by use of a 
melt mixing extruder so that the layered-compound is further dispersed, cleaved or 
intercalated by shear stress in the heat-meltable fluoropolymer. 
Background Art: 

Heat-meltable fluoropolymers, such as tetrafluoroethylene-perfluoro(alkylvinylether) 
copolymer (PFA), tetrafluoroethylene-hexafluoropropylene copolymer (FEP) and 
tetrafluoroethylene-ethylene copolymer (ETFE) are used for the holding jigs and tube 
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materials for the chemical liquid supply line in semiconductor manufacturing 
equipment because of their excellent heat resistance, chemical resistance, 
non-stickiness and other properties. However, the tubes made of these resins have 
to be replaced periodically owing to such problems as the contamination of the 
5 peripheral devices and environmental pollution due to the permeation of the chemical 
liquid. For this reason, there is a demand for materials showing lower chemical liquid 
permeability. Furthermore, when these resins are used for the heat exchanger tubes 
in an alkali tank, the tubes show low thermal conductivity, and therefore there is also a 
demand for materials exhibiting higher thermal conductivity. 

10 For the purpose of solving these problems, there is a demand for a resin 
composition showing higher performance in various fields. For this purpose, 
improvements of the mechanical strength, chemical or gas permeability, thermal 
conductivity, etc., for example, by dispersing a filler in the resin are proposed. 
Especially, many attempts are made to use the technique of dispersing or cleaving a 

15 layered-compound in a polymer material or intercalating a polymer compound 
between the laminas of a layered-compound to improve the mechanical properties 
and chemical liquid or gas permeability of such resin, or the technique of dispersing a 
carbon compound in a polymer material to improve thermal conductivity. 

For example, Japanese Patent Publication 2000-190431 describes a multi-layer 

20 laminate whose gas or chemical liquid permeability is lowered by melt-mixing a 
scale-like filler and a fluoropolymer and by laminating. Furthermore, Japanese 
Patent Publication HEI 2-10226 describes a method in which a layered clay mineral 
used for a filler is organically-modified, a monomer is inserted into the space between 
the laminas of this layered-compound where interlaminar distance is increased by 

25 organic-modification, and then the layered-compound is dispersed on nano scale by 
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utilizing polymerization energy released during the polymerization of the aforesaid 
monomer. However, the aforesaid polymerization method cannot be said to be 
economical because although the polymerization method allows the filler to be 
dispersed efficiently, it requires polymerization equipment, entailing high cost. 
5 Besides, since the monomer that is inserted between the laminas of the aforesaid 
layered clay mineral will not stay stably between the laminas, a gas monomer is not 
preferable, and the choice of the monomer is limited to a liquid monomer. 

As a method for improving these problems with the polymerization method, each of 
Japanese Patent Publication HEI 7-47644 and Japanese Patent Publication HEI 

10 7-70357 describes a method in which a layered clay mineral is organized with organic 
cations in advance, the layered clay mineral is caused to be infinite-swolled by use of 
an organic solvent, and then the clay mineral is caused to come into contact with a 
melted resin liquid so that it is dispersed in the resin on nano scale. However, such 
method essentially requires the use of a large amount of an organic solvent in causing 

1 5 a layered clay mineral to be swelled, but a fluoropolymer has the problem of extremely 
low compatibility with an organic solvent. On top of that, the infinite-swollen 
layered-compound by use of the aforesaid organic solvent also has the problem of 
returning to a swollen state from such infinite-swollen state as part of the organic 
solvent will evaporate at the temperature of extrusion of the fluoropolymer in such 

20 process of coming into contact with the melted resin. 

Furthermore, as a means for improving the problems with the layered-compound 
using such organic solvent, there is a method, for example, in which an organically 
modified layered clay mineral and resin pellets are melt-mixed by shear stress directly 
in an extruder so that such organically modified layered clay mineral is dispersed in 

25 the resin matrix. In connection with this, there is a report on the physical properties 
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of a composite mixture in which such layered-compound is dispersed by changing the 
types (single-screw and twin-screw) of the extruder and the mixing method 
(co-rotating, counter-rotating, intermeshing and non-intermeshing) of a twin-screw 
extruder, among other conditions. However, there was no significant improvement 
5 reported in the mechanical properties of a composite mixture in which the layered clay 
mineral was dispersed which had been organized to some extent by melting and 
mixing the layered clay mineral by means of a twin-screw extruder of the 
non-intermeshing type with the result that the inter-layer distance was increased 
(Plastic Engineering, P56, 2001). 

10 Disclosure of the Invention: 

The inventors of the present invention have paid notice that the thermal conductivity, 
gas and chemical liquid barrier properties and dynamic properties such as storage 
modulus of a heat-meltable fluoropolymer composite can be improved by dispersing a 
layered-compound in which normally the unit crystal laminas constituting the 

15 layered-compound are present in such form that they are piled, further exfoliating 
(hereinafter referred to as "cleavage" in some cases) part of the layered-compound 
thus dispersed or exfoliating heat-meltable fluoropolymer between the laminas of the 
layered-compound so that the number of the laminas of the layered-compound is 
increased even if the weight percent of the layered-compound laminas that are 

20 present in the heat-meltable fluoropolymer is same. As a result, the inventors have 
found that a heat-meltable fluoropolymer composite composition having excellent 
thermal conductivity, gas and chemical liquid barrier properties and dynamic 
properties such as storage modulus can be provided. 
The present invention provides a heat-meltable fluoropolymer composite 

25 composition having excellent thermal conductivity, gas and chemical liquid barrier 
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properties and dynamic properties such as storage modulus. Specifically, the 
present invention provides a heat-meltable fluoropolymer composite composition 
comprising a heat-meltable fluoropolymer fine powder and a layered-compound 
organically modified by treatment with tetraphenyl phosphonium ions. Use of such 
5 particular layered-compound makes it possible to obtain a heat-meltable 
fluoropolymer composite composition having excellent thermal conductivity, gas and 
chemical liquid barrier properties and dynamic properties such as storage modulus 
only by melt-mixing such layered-compound by exerting shear stress by use of a 
melt-mixing extruder. 

10 The present invention also provides a heat-meltable fluoropolymer composite 
composition which is obtained by a process (I) in which a heat-meltable fluoropolymer 
powdery composition is obtained by mixing a heat-meltable fluoropolymer fine powder 
and a layered-compound and a process (II) in which such heat-meltable fluoropolymer 
powdery composition thus obtained is melt-mixed by exerting shear stress by means 

15 of a melt-mixing extruder. Combination of these processes (I) and (II) makes it 
possible to obtain a heat-meltable fluoropolymer composite composition with 
satisfactory physical properties even by using any layered-compound other than the 
aforesaid particular layered-compound. It is thought that a heat-meltable 
fluoropolymer composite composition having excellent thermal conductivity, gas and 

20 chemical liquid barrier properties and dynamic properties such as storage modulus is 
obtained as a result of the layered-compound is dispersed, exfoliated or exfoliated 
more uniformly in the heat-meltable fluoropolymer under process (II) in which the 
materials are melt-mixed under shear stress, in addition to the mixing under process 
(I). Especially, an excellent effect in improving the physical properties can be 

25 produced by using a layered-compound organically modified by treatment with 
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organic phosphonium ions, preferably tetraarylphosphonium ions, more preferably 
tetraphenylphosphonium ions. 

Furthermore, the present invention provides a process for manufacturing a 
heat-meltable fluoropolymer composite composition which comprises a process (I) in 
5 which a heat-meltable fluoropolymer powdery composition is obtained by mixing a 
heat-meltable fluoropolymer fine powder and a layered-compound and a process (II) 
in which such heat-meltable fluoropolymer powdery composition thus obtained is 
melted and mixed by exerting shear stress by means of a melt mixing extruder. 
In any of the above inventions, preferred embodiment is that an agglomerate 

10 powder having not more than 10 pm in average particle size which comprises 
agglomerated colloidal fine particles of heat-meltable fluoropolymer is used as the 
heat-meltable fluoropolymer fine powder. Furthermore, according to preferable 
embodiments of the mixing of a fine heat-meltable fluoropolymer powder and a 
layered-compound, a high-speed rotary mixer is used. 

15 Brief Explanation of the Drawings: 

Fig. 1 is an electron microscopic picture of the powdery composition obtained in 
Example 1 described below. Fig. 2 is an electron microscopic picture of the powdery 
composition obtained in Example 6 described below. 
Most Preferred Embodiments of the Invention: 

20 For the heat-meltable fluoropolymer of the present invention, 
tetrafluoroethylene-perfluoro(alkylvinylether) copolymer (hereinafter referred to as 
"PFA"), tetrafluoroethylene-hexafluoropropylene copolymer (hereinafter referred to as 
"FEP"), tetrafluoroethylene-hexafluoropropylene-perfluoro(alkylvinylether) 
(alkylvinylether) copolymer (hereinafter referred to as "EPE"), 

25 tetrafluoroethylene-ethylene copolymer (hereinafter referred to as "ETFE"), 
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polyvinylidenefluoride (hereinafter referred to as "PCTFE") and 
chlorotrifluoroethylene-ethylene copolymer (hereinafter referred to as "ECTFE") can 
be cited. Preferable examples of the heat-meltable fluoropolymer include 
tetrafluoroethylene-perfluoro(alkylvinylether) copolymer wherein alkyl group of 
5 perfluoro(alkylvinylether) is the one having 1 to 5 carbon atoms, more preferably 1 to 
3 carbon atoms. 

There is no particular restriction on the melt viscosity or molecular weight of any of 
these heat-meltable fluoropolymers. However, for the purpose of injection molding, 
the melt viscosity of the heat-meltable fluoropolymer is preferably 10 g/10 min to 40 

10 g/10 min in terms of the melt index (ASTM D1238: 372°C, 5-kg load). 

For the heat-meltable fluoropolymer fine powder used in the present invention, an 
agglomerated powder having average particle size of not more than 10 pm, preferably 
not more than 7 pm, more preferably not more than 5 pm, which comprises by 
agglomerating colloidal fine particles of heat-meltable fluoropolymer having average 

15 particle size of approximately 0.2 pm is used suitably. Such agglomerated powder 
can be obtained, for example, by adding an electrolytic substance to a heat-meltable 
fluoropolymer aqueous dispersion obtained by emulsion polymerization which 
contains in water approximately 1 to 75 % by weght of colloidal fine particles of a 
heat-meltable fluoropolymer whose average particle size is approximately 0.1 to 0.3 

20 pm, causing the colloidal fine particles of the heat-meltable fluoropolymer to be 
agglomerated with mechanical agitation, and then separating the agglomerated 
colloidal fine particles from the aqueous medium, and drying and washing them as 
required. 

For the electrolytic substance used for the purpose of agglomerating the colloidal 
25 fine particles of the heat-meltable fluoropolymer in the heat-meltable fluoropolymer 
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aqueous dispersion, water-soluble inorganic or organic compounds such as HCI, 
H 2 S0 4 , HNO3, H3PO4, Na 2 S0 4 , MgCI 2 , CaCI 2 , sodium formate, potassium acetate and 
ammonium carbonate can be cited. Preferable examples of the electrolytic 
substance include the compounds that can be evaporated under the drying process in 
5 which the heat-meltable fluoropolymer fine particles after agglomeration are 
separated and dried, such as HCI and HN0 3 , for example. 

These electrolytic substances is preferably 1 to 15 % by weght, especially 1.5 to 
10 % by weght against the weight of the heat-meltable fluoropolymer and is preferably 
added in the form of an aqueous solution to a heat-meltable fluoropolymer aqueous 

1 0 dispersion. If the weight of the electrolytic substance is less than 1 % by weght, it will 
take a long time to agglomerate the colloidal fine particles of the heat-meltable 
fluoropolymer, and consequently productivity will be decline. Even if the electrolyte 
substance weight is more than 15 % by weght, there would be no effect on the 
agglomeration of the colloidal fine particles of the heat-meltable fluoropolymer, but 

15 that would not be economical because a longer time will be required in the washing 
process. 

There is no particular restriction on the equipment for causing the colloidal fine 
particles of the heat-meltable fluoropolymer to be agglomerated. However, the 
equipment preferably has a means for agitation that is capable of keeping 
20 circumferential velocity of not lower than approximately 4 m/sec, such as a propeller 
vane, turbine vane, paddle vane, paddle-shaped vane, horseshoe-shaped vane and 
helical vane, and a means for water discharge. 

When the heat-meltable fluoropolymer aqueous dispersion is agitated in such 
equipment with a specified amount of an electrolytic substance added, the colloidal 
25 fine particles of the heat-meltable fluoropolymer are agglomerated to become 
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agglomerated particles and are separated from the aqueous medium so that they will 
come up and float. At this time, agitation speed is preferably kept at not lower than 
approximately 4 m/sec. If agitation speed is lower than 4 m/sec, it will take a long 
time to cause the colloidal fine particles of the heat-meltable fluoropolymer to be 
5 agglomerated, and in addition, the aqueous medium will tend not to be readily 
discharged from the agglomerated particles of the heat-meltable fluoropolymer. 
Agitation is carried out until the agglomerated particles are separated from the 
aqueous medium. 

The agglomerated heat-meltable fluoropolymer particles thus obtained are washed 

10 with water as required and then dried at a temperature not higher than the melting 
point of the heat-meltable fluoropolymer. Since such fluoropolymer fine powder has 
weak cohesion force between its inner particles, it is suitable to be ground down to 
primary particles by means of a high-speed rotating blade of a rotary mixer. 
The layered-compound used in the present invention is preferably a 

15 layered-compound not more than 10 pm in particle size which has such structure that 
its unit crystal laminas are present in such form that they are piled. For example, it is 
one kind of layered-compound selected from among smectite-type clay minerals such 
as montmorillonite, hectoliter and vermiculite, various clay minerals such as zirconium 
phosphate and titanium phosphate, micas such as Na-type tetrasiliconfluorine mica 

20 and Li-type tetrasiliconfluorine mica, and graphite. Such mica and graphite may be 
either natural or synthetic materials. Such graphite is preferably scale-like graphite. 

Furthermore, for these layered-compounds, it is preferably to increase the 
interlaminar distance by exchanging inorganic ions between laminas with other ions or 
inserting organic matter (hereinafter referred to as "organic modification") because it 

25 becomes easy to cleave these layered-compounds or intercalate heat-meltable 
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fluoropolymer into them by shear stress in the mixing process in a high-speed rotary 
mixer or in the melt-mixing process in a melt-mixing extruder. 

The organic matter used in such organizing treatment is preferably organic onium 
ions. There is no particular restriction on such organic onium ions, and organic 
5 onium ions that are not thermally decomposed at a temperature higher by at least 
10°C than the melting point of the heat-meltable fluoropolymer are preferable. 
Especially, from the perspective of thermal stability at the melt molding temperature of 
the heat-meltable fluoropolymer, phosphonium ions are preferable which show a 
higher thermal decomposition temperature than ammonium ions, which are generally 

10 used as common organic onium ions. Examples of such phosphonium ions include 
tetraethylphosphonium ions, tetrabutylphosphonium ions, tetrahexylphosphonium 
ions, dihexadecyldimethylphosphonium ions, dioctyldimethylphosphonium ions, 
cetyltrimethylphosphonium ions, cetyltriethylphosphonium ions, 

cetyldimethylethylphosphonium ions, tributylphosphonium ions, trihexylphosphonium 

15 ions, dioctylphosphonium ions, hexadecylphosphonium ions, 
tetraphenylphosphonium ions, n-butyltriphenylphosphonium ions, and 
benzyltriphenylphosphonium ions. Especially, as organic onium ions thermally 
stable even at the heat-meltable fluoropolymer melt molding temperature of at least 
not lower than 300°C, tetraphenylphosphonium ions, n-butyltriphenylphosphonium 

20 ions, and benzyltriphenylphosphonium ions are preferable, and particularly 
tetraphenylphosphonium ions are preferable. As stated above, when a 
layered-compound organized by treatment with tetraphenylphosphonium ions is used, 
it is possible to take much time for melt-mixing and obtain a heat-meltable 
fluoropolymer composite composition having satisfactory physical properties by 

25 melt-mixing alone because such layered-compound shows a high thermal 



11 

decomposition initiation temperature and high heat resistance. Needless to say, in 
this case, combination of the aforesaid mixing process (I) and melt-mixing process (II) 
will make it possible to obtain a heat-meltable fluoropolymer composite composition 
having better physical properties. 
5 The mixing ratio of the aforesaid layered-compound is preferably 1 to 40 % by 
weight, more preferably 2 to 30 % by weight, and much more preferably 3 to 20 % by 
weight based on the weight of the heat-meltable fluoropolymer composite composition. 
A layered-compound mixing ratio of less than 1 % by weight will produce only a little 
effect in improving the thermal conductivity or gas and chemical liquid barrier 

10 properties. Further, a layered-compound mixing ratio of over 40 % by weight will 
cause a problem in processibility and flexibility. The mixing ratio of the heat-meltable 
fluoropolymer fine powder is preferably 60 to 99 % by weight, more preferably 70 to 
98 % by weight, much more preferably 80 to 97 % by weight based on the weight of 
the heat-meltable fluoropolymer composite composition. 

15 Furthermore, for the purpose of improving compatibility between the aforesaid 
layered-compound subjected to organic-modification and the heat-meltable 
fluoropolymer fine powder and facilitating the insertion of the heat-meltable 
fluoropolymer between the laminas of the organically modified layered-compound in 
the mixing process in a melt-mixing extruder to increase the distance between the 

20 laminas and accelerate cleavage, thereby causing the heat-meltable fluoropolymer 
and the layered-compound to be dispersed more uniformly, it is preferable that the 
heat-meltable fluoropolymer fine powder should contain a heat-meltable 
fluoropolymer containing a functional group, that is, a heat-meltable fluoropolymer 
containing a functional group should be used as part of the heat-meltable 

25 fluoropolymer fine powder. 



12 

For such heat-meltable fluoropolymer containing a functional group, preferred are 
heat-meltable fluoropolymers containing a functional group selected from the group of 
the carboxylic acid group or its derivatives, hydroxyl group, nitrile group, cyanato 
group, carbamoyloxy group, phosphonooxy group, sulphonic acid group or its 
5 derivative group, and sulphohalide group, such as -COOH, -CH 2 COOH, -COOCH 3 , 
-CONH 2 , -OH, -CH 2 OH, -CN, -CH 2 0(CO)NH 2 , -CH 2 OCN, -CH 2 OP(0)(OH) 2 , 
-CH 2 OP(0)CI 2 and -S0 2 F. 

Such heat-meltable fluoropolymers can be obtained by obtaining heat-meltable 
fluoropolymer by emulsion polymerization and then adding or substituting these 

10 functional groups, or by copolymerizing a fluorine-containing monomer containing any 
of the aforesaid functional groups at the time of the polymerization of the 
heat-meltable fluoropolymer. However, in the present invention, the heat-meltable 
fluoropolymer obtained by copolymerizing a fluorine-containing monomer containing 
any of the aforesaid functional groups at the time of the polymerization of the 

15 heat-meltable fluoropolymer is preferably used. 

Examples of the fluorine-containing monomer containing the aforesaidan functional 
group that is suitable for copolymerization include fluorinated vinyl ether compounds 
containing a functional group that is shown by the formula: 
CF 2 = CF [OCF 2 CF(CF 3 )] m -0-(CF 2 ) n -X 

20 [where m is 0 to 3; n is 0 to 4; X represents -COOH, -CH 2 COOH, -COOCH 3 , -CONH 2 , 
-OH, -CH 2 OH, -CN, -CH 2 0(CO)NH 2> -H 2 OCN, -CH 2 OP(0)(OH) 2 , -CH 2 OP(0)CI 2 or 
S0 2 R] 

Their specific examples include monomers represented by: 
Formula: CF 2 = C-0-CF 2 CF 2 -S0 2 F, or 
25 Formula: CF[OCF 2 CF(CF 3 )]0(CF 2 ) 2 -Y 
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(where, Y represents -S0 2 F, -CN, -COOH or -COOCH 3 .), or 
Formula: CF 2 = CF[OCF 2 CF(CF 3 )]0(CF 2 ) 2 -CH 2 -Z 

(where, Z represents -COOH, -OH, OCN, -OP(0)(OH) 2 , -OP(0)CI 2 or -0(CO)NH 2 .) 
The fluorine-containing monomer containing such functional group is preferably 
5 copolymerized in the fluoropolymer containing a functional group in the amount of 0.5 
to 10 % by weght, preferably 1 to 5 % by weght. If the content of the 
fluorine-containing monomer containing such functional group to be copolymerized is 
lower than 0.5 % by weght, only a little effect will be produced in improving 
compatibility between the aforesaid layered-compound subjected to organizing 

10 treatment and the heat-meltable fluoropolymer and facilitating the insertion of the 
heat-meltable fluoropolymer between the laminas of the organized layered-compound 
in the melting and mixing process in a melting and mixing extruder to increase the 
inter-layer distance and accelerate cleavage, thereby causing the heat-meltable 
fluoropolymer and the layered-compound to be dispersed more uniformly. 

15 Furthermore, if the content of the fluorine-containing monomer containing such 
functional group to be copolymerized is higher than 10 % by weight, a reaction similar 
to crosslinking reaction will occur due to the strong interaction between the 
fluoropolymers containing a functional group, with the result that the viscosity will 
increase sharply. This will make the insertion of the compound into the laminas or 

20 melt processing difficult and lead the heat resistance of the fluoropolymer containing a 
functional group to tend to decline. 

There is no particular restriction on the viscosity or molecular weight of the 
heat-meltable fluoropolymer containing a functional group, but the viscosity or 
molecular weight of the fluoropolymer containing a functional group is preferably not 

25 higher than that of the heat-meltable fluoropolymer and is more preferably close to 
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that of the heat-meltable fluoropolymer. 

The relative use amount of the heat-meltable fluoropolymer containing a functional 
group based on the heat-meltable fluoropolymer fine powder differs with the type of 
the functional group and the content of the fluorine-containing monomer containing a 
5 functional group but is normally 0.1 to 50 % by weight against 99.9 to 50 % by weight 
of the heat-meltable fluoropolymer fine powder, preferably 1 to 45 % by weight against 
99 to 55 % by weight of the heat-meltable fluoropolymer fine powder. The 
heat-meltable fluoropolymer containing a functional group is preferably mixed with the 
heat-meltable fluoropolymer fine powder by means of a high-speed rotary mixer. 

10 In the present invention, it is preferable that the heat-meltable fluoropolymer fine 
powder not more than 10 pm in average particle size and the layered-compound not 
more than 10 pm in average particle size should be pulverized and mixed in advance 
so that a heat-meltable fluoropolymer fine powder mixed composition in which the 
layered-compound has been dispersed uniformly in the heat-meltable fluoropolymer 

15 fine powder in advance is obtained, and then the layered-compound is further 
dispersed, exfoliated or exfoliated more uniformly in the heat-meltable 
fluoropolymer. 

Methods for pulverizing and mixing the heat-meltable fluoropolymer fine powder not 
more than 10 pm in average particle size and the layered-compound not more than 10 

20 pm in average particle size in advance so that the layered-compound is dispersed 
uniformly in the heat-meltable fluoropolymer fine powder in advance have been 
proposed, for example, in Japanese Patent Publications 2002-284883 and 
2003-82187 filed by the present applicant before. According to these methods, the 
layered-compound can be dispersed uniformly in the heat-meltable fluoropolymer fine 

25 powder in advance by pulverizing and mixing the heat-meltable fluoropolymer fine 
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powder not more than 10 pm in average particle size and the layered-compound not 
more than 10 pm in average particle size by use of a high-speed rotary mixer having 
blades or cutter knives that rotate at the rotational speed of not lower than 1 ,500 rpm 
or the circumferential velocity of not lower than 35 m/sec, preferably at the rotational 
5 speed of 3,000 to 20,000 rpm or the circumferential velocity of 70 to 115 m/sec. 

For such high-speed rotary mixer, a cutter mixer available from Aikosha Seisakusho 
Co., Ltd. and an Eirich Intensive Mixer available from EIRICH Japan can be cited for 
example. On the other hand, the dry blenders commonly used for mixing 
fluoropolymer pellets and fillers, etc. or the Henschel mixers commonly used for 

10 mixing powder are inferior in mixing capacity, and it is difficult to use such mixers to 
disperse the layered-compound uniformly. However, when any layered-compound 
that has been organized with tetraphenylphosphonium ions is used as the 
layered-compound, it is possible to use such mixers to mix such layered-compound 
and the heat-meltable fluoropolymer fine powder in advance to obtain the raw material 

15 for melt mixing under shear stress. 

At the time of the mixing by use of a high-speed rotary mixer as mentioned above, 
antistatic agents such as carbon black may be added to prevent the heat-meltable 
fluoropolymer fine powder from being deposited on the inside walls of the high-speed 
rotary mixer due to static electricity. In addition, any other additives may be added to 

20 suit the purpose. 

The heat-meltable fluoropolymer composite composition of the present invention 
which comprises a heat-meltable fluoropolymer fine powder and a layered-compound 
may be melt-mixed by a melt-mixing extruder after being compacted by use of a 
compactor so that they may be fed well to the hopper of the melt mixing extruder. 

25 For the melt-mixing extruder used in the met-mixing process of the present 
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invention, twin-screw extruders are preferably used from the perspective of shear 
stress for the sake of exfoliating the layered-compound more effectively so that it will 
be dispersed in the heat-meltable fluoropolymer, depending on the type and melt 
viscosity of the heat-meltable fluoropolymer used. Moreover, the melt-mixing 
5 temperature in such twin-screw extruder is preferably below 360°C for the objective of 
avoiding the decomposition of the layered-compound subjected to organic 
modification. 

The method for pulverizing and mixing the heat-meltable fluoropolymer fine powder 
not more than 10 pm in average particle size and the layered-compound not more 

10 than 10 pm in average particle size in advance by use of a high-speed rotary mixer 
and then melt-mixing the mixture by use of a melt-mixing mixer is different from the 
common mixing process for mixing a melt-pelletized heat-meltable fluoropolymer 
powder several hundred pm in average particle size or heat-meltable fluoropolymer 
pellets several thousand pm in average particle size and a filler. Besides, according 

15 to the conventional direct melt-mixing method, the cleavage or intercalation of an 
organically modified layered-compound and a heat-meltable resin has to be carried 
out simultaneously while the layered-compound is being dispersed in the 
heat-meltable resin in the melt-mixing mixer. However, according to the aforesaid 
method of the present invention, the heat-meltable fluoropolymer fine powder and the 

20 organically modified layered-compound are pulverized and mixed uniformly in 
advance by use of a high-speed rotary mixer, and consequently it is possible to 
shorten overall melt- mixing time in the melting and mixing mixer. In the melt-mixing 
mixer, cleavage or intercalation is carried out for the most part. Therefore, if a resin 
whose melt processing temperature is high such as the heat-meltable fluoropolymer is 

25 used, it is possible by shortening overall melt-mixing time to prevent the 
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decomposition of the heat-meltable fluoropolymer containing a functional group which 
is lower in thermal stability than the organized layered-compound or the heat-meltable 
fluoropolymer. Especially if a layered-compound organically modified with 
tetraphenylphosphonium ions is used as the layered-compound, it is possible to take 
5 a longer melt-mixing time in a melt-mixing extruder because such layered-compound 
shows a high temperature at which thermal decomposition begins and high heat 
resistance, and it is also possible to carry out cleavage or intercalation easily by 
melt-mixing alone in a melt-mixing extruder even if the pulverizing and mixing process 
as mentioned above is omitted. 



Examples: 

The present invention will be described below specifically by using Examples, 
Comparative Examples and Reference Examples. However, the present invention is 
15 not limited to these Examples in any way. 

Further, tetrafluoroethylene perfluoropropylvinylether (PPVE) was used for 
tetrafluoroethylene perfluoro(alkylvinylether) copolymer (PFA) copolymer, and the 
nitrogen gas permeability and thermal conductivity of the heat-meltable fluoropolymer 
composite composition were measured by the following methods: 
20 (a) Nitrogen gas permeability: 

The nitrogen gas permeability of film approximately 0.3 mm in thickness and 130 
mm in diameter which had been prepared by melt-compression-molding the 
heat-meltable fluoropolymer composite composition at 350°C was measured at 23°C 
by use of a gas permeability measuring device (Model S-69 160 ml) available from 
25 Shibata Kagaku Kogyou Co., Ltd. The measurement values were expressed in 10' 11 
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cm 3 (STP) cm/cm 2 .sec.cmHg. 

(b) Thermal conductivity: 

The thermal conductivity of a specimen 30 mm in diameter and 7 mm in height cut 
from a billet (diameter: 35 mm; height: 40 mm) prepared by 
5 melt-compression-molding the heat-meltable fluoropolymer composite composition at 
350°C was measured at the specimen pressing torque of 70 cN.m and at 23°C by use 
of a hot desk method thermal property determination device (Model TPA-501) 
available from Kyoto Denshi Kogyou Co., Ltd. It should be noted that the 
measurement of thermal conductivity was performed only for a heat-meltable 
10 fluoropolymer composite composition containing graphite. 

(c) Storage modulus: 

A specimen 12 mm x 45 mm x 1.5 mm was prepared from a sample prepared by 
melt-compression-molding the heat-meltable fluoropolymer composite composition at 
350°C was measured by the torsion mode at 1 Hz and the temperature rise rate of 
15 5°C/min by use of a ARES dynamic viscoelasticity measuring device available from 
Rheometric Scientific. 
Example 1: 

60 kg of 30 % by weight PFA aqueous dispersion (melting point: 307°C; MFR: 1 .9 
g/10 min) obtained by emulsion polymerization were put in an agitation tank (100-liter) 

20 of the down flow type having an agitation shaft wjth 6 vanes of the propeller type, and 
500 g of 60% nitric acid were added with agitation at 300 rpm. In addition, agitation 
was conducted at 300 rpm for 10 min. After the aqueous dispersion was 
agglomerated, the agglomerated PFA particles were caused to come up and float on 
the aqueous polymerization medium by agitating the dispersion at 450 rpm for 20 min 

25 so that the PFA particles were separated from the aqueous polymerization medium. 
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After that, the aqueous polymerization medium was discharged from the agitation tank, 
and water was put in the agitation tank to wash the PFA particles. After that, the PFA 
particles were dried at 160°C for 24 hours, and as a result, PFA fine powder. The 
average particle size of the PFA fine powder thus obtained was 3 Mm. 
5 85 % by weight of this PFA fine powder and 15 % by weight of synthetic graphite 
(available from TIMCAL; TIMREX KS4; average particle size: 2.4 pm) as the 
layered-compound were charged to a high-speed rotary mixer (a cutter mixer 
available form Kaikousha Seisakusho Co., Ltd.) and mixed at 3,600 rpm 
(circumferential velocity: 75.3 m/sec) for 20 min. As a result, a powder mixed 

10 composition was obtained. Fig. 1 shows an electron microscopic picture (magnifying 
power: 10,000 times) of the powder mixed composition thus obtained. Furthermore, 
the powder mixed composition was melted and mixed at 350°C and 50 rpm in a 
melting and mixing twin-screw extruder (available from Toyo Seiki Seisakusho Co., 
Ltd.; Laboplastomill 30C150). As a result, a heat-meltable fluoropolymer composite 

15 composition was obtained. 

The nitrogen gas permeability, storage modulus and thermal conductivity of the 
heat-meltable fluoropolymer composite composition thus obtained were measured. 
Measurement results are shown in Table 1 . 
Example 2: 

20 A heat-meltable fluoropolymer composite composition was obtained by the same 
method as described in Example 1 except that 80 % by weight of PFA fine powder and 
20 % by weight of synthetic graphite were used. The nitrogen gas permeability and 
thermal conductivity of the heat-meltable fluoropolymer composite composition thus 
obtained were measured. Measurement results are shown in Table 1 . 

25 Examples 3 to 6: 
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Heat-meltable fluoropolymer composite compositions were obtained by the same 
method as described in Example 1 except that 90, 85 or 80 % by weight of PFAfine 
powder and 10, 15 or 20 % by weight of pure natural graphite (available from SEC Co., 
Ltd.; SNO-3; average particle size: 3 pm) as the layered-compound in place of 
5 synthetic graphite were used. The nitrogen gas permeability and thermal 
conductivity of the heat-meltable fluoropolymer composite compositions thus obtained 
were measured. Measurement results are shown in Table 1 . 
Example 6: 

An organized synthetic fluorine mica in which the ion exchange amount of the 
10 synthetic fluorine mica was 80 meq per 100 g was obtained by using a synthetic 
fluorine mica (available from COOP Chemical; Somasif ME-100; average particle 
size: 4.6 pm) as the layered clay compound and using tetraphenylsulphonium ions on 
the basis of Japanese Patent Publication 2003-238819. The temperature of the 
synthetic fluorine mica using tetraphenylsulphonium ions at which it began to 
15 decompose thermally was approximately 450°C (air: 90 cc/min; temperature rise rate: 
10°C/min). 

3 % by weight of the synthetic fluorine mica thus obtained and 97 % by weight of the 
PFA fine powder obtained by the same method as described in Example 1 were 
charged to a high-speed rotary mixer (a cutter mixer available from Aikosha 

20 Seisakusho Co., Ltd.; AC-200S) and mixed at 3,600 rpm (circumferential velocity: 
75.3 m/sec) for 20 min. As a result, a powder mixed composition was obtained. Fig. 
2 shows an electron microscopic picture (magnifying power: 10,000 times) of the 
powder mixed composition thus obtained. Furthermore, the powder mixed 
composition was melted and mixed at 350°C and 50 rpm in a melting and mixing 

25 twin-screw extruder (available from Toyo Seiki Seisakusho Co., Ltd.; Laboplastomill 
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30C150). As a result, a heat-meltable fluoropolymer composite composition was 
obtained. 

The nitrogen gas permeability and storage modulus of the heat-meltable 
fluoropolymer composite composition thus obtained were measured. Measurement 
5 results are shown in Table 2. 
Examples 7 and 8: 

Heat-meltable fluoropolymer composite compositions were obtained by the same 
method as described in Example 6 except that 5 or 10 % by weight of the synthetic 
fluorine mica organized with phosphonium ions and 95 or 90 % by weight of the PFA 
10 fine powder were used. The nitrogen gas permeability and storage modulus of the 
heat-meltable fluoropolymer composite composition thus obtained were measured. 
Measurement results are shown in Table 2. 
Example 9: 

A heat-meltable fluoropolymer powder composition was obtained by charging 75 % 
15 by weight of the PFA fine powder obtained by the same method as described in 
Example 1 , 20 % by weight of a functional group-containing PFA fine powder, which is 
a ternary copolymer of tetrafluoroethylene, perfluoro(propylvinylether) (PPVE) and 
CF 2 =CF[OCF2CF(CF3)]OCF2CF 2 CH 2 OH (PPVE content: 3.7 % by weight; aforesaid 
hydroxyl-group-containing monomer content: 1 .0 % by weight; melt flow rate: 15 g/10 
20 min), and 5 % by weight of the synthetic fluorine mica organically modified with 
phosphonium ions which was obtained by the same method as described in Example 
6 to a high-speed rotary mixer (a cutter mixer available from Aikosha Seisakusho Co., 
Ltd.; AC-200S) and melting and mixing them at 3,600 rpm (circumferential velocity: 
75.3 m/sec) for 20 min in the mixer. Furthermore, the powder composition thus 
25 obtained was melted and mixed at 350°C and 50 rpm in a melting and mixing 
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twin-screw extruder (available from Toyo Seiki Seisakusho Co., Ltd.; Laboplastomill 
30C150). As a result, a heat-meltable fluoropolymer composite composition was 
obtained. The nitrogen gas permeability and storage modulus of the heat-meltable 
fluoropolymer composite composition thus obtained were measured. Measurement 
5 results are shown in Table 2. 
Example 10: 

95 % by weight of the PFAfine powder obtained by the same method as described 
in Example 1 and 5 % by weight of the synthetic fluorine mica organized with 
phosphonium ions which was obtained by the same method as described in Example 

10 6 were melted and mixed at 350°C and 50 rpm in a melting and mixing twin-screw 
extruder (available from Toyo Seiki Seisakusho Co., Ltd.; Laboplastomill 30C150). 
The nitrogen gas permeability and storage modulus of the mixture thus obtained were 
measured. Measurement results are shown in Table 2. 
Comparative Example 1 : 

15 The nitrogen gas permeability, storage modulus and thermal conductivity of the 
heat-meltable fluoropolymer composite composition comprising only the PFA fine 
powder obtained by the same manner as in Example 1 were measured. 
Measurement results are shown in Tables 1 and 2. 
Comparative Example 2: 

20 85 % by weight of PFA pellets (Teflon PFA 350J pellets; available from Du 
Pont-Mitsui Fluorochemicals Co., Ltd.) and 15 % by weight of synthetic graphite 
(available from TIMCAL; TIMREX KS4; average particle size: 2.4 pm) were melted 
and mixed at 350°C and 50 rpm in a melting and mixing twin-screw extruder (available 
from Toyo Seiki Seisakusho Co., Ltd.; Laboplastomill 30C150). The nitrogen gas 

25 permeability, storage modulus and thermal conductivity of the mixture thus obtained 
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were measured. Measurement results are shown in Table 1. 
Comparative Example 3: 

A mixture was obtained by the same manner as in Comparative Example 2 except 
that the synthetic fluorine mica organized with phosphonium ions which was obtained 
5 by the same method as described in Example 6 was used in place of synthetic 
graphite. The nitrogen gas permeability and storage modulus of the mixture thus 
obtained were measured. Measurement results are shown in Table 2. 

As is clear from Fig. 1 , it can be seen that in the powder mixed composition mixed 
by a high-speed rotary mixer, the scale-like particles 2.4 pm in average particle size 

10 are completely covered with primary PFA particles 0.2 pm in average particle size. 
Consequently, with the present invention, it is possible to disperse the scale-like 
graphite uniformly in the PFA powder at the stage of the mixing of the powder in a 
high-speed rotary mixer prior to melting and mixing. Furthermore, from Table 1, it 
can be seen that the heat-meltable fluoropolymer composite composition of the 

15 present invention which was obtained by further melting and mixing the powder mixed 
composition exhibits higher thermal conductivity and storage modulus and lower 
nitrogen gas permeability than the case of 100% heat-meltable fluoropolymer fine 
powder (Comparative Example 1). Furthermore, the heat-meltable fluoropolymer 
composite composition of the present invention (Examples 1 and 4) shows higher 

20 thermal conductivity and storage modulus and lower nitrogen gas permeability than 
the mixture using PFA pellets of the same composition (Comparative Example 2). 
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As evidenced by Fig. 2, it can be seen that in the powder mixed composition mixed 
by a high-speed rotary mixer, the synthetic fluorine mica is completely covered with 
primary PFA particles 0.2 pm in average particle size. Consequently, with the 
present invention, it is possible to disperse a layered-compound such as mica 
5 uniformly in the PFA powder at the stage of the mixing of the powder in a high-speed 
rotary mixer prior to melting and mixing. Therefore, in the present invention, it is 
possible to shorten overall melting and mixing time in the melting and mixing mixer 
because cleavage or intercalation is carried out primarily in the melting and mixing 
mixer after the heat-meltable fluoropolymer fine powder and the organized 

10 layered-compound are ground and mixed uniformly in advance by use of a 
high-speed rotary mixer, with the result that the time for dispersing the 
layered-compound in the melted resin becomes shorter. Moreover, if a resin whose 
melt molding temperature is high such as the heat-meltable fluoropolymer is used, it is 
possible by shortening overall melting and mixing time to prevent the decomposition 

15 or deterioration of the heat-meltable fluoropolymer containing a functional group which 
is lower in thermal stability than the organically modified layered-compound or the 
heat-meltable fluoropolymer. In addition, from Table 2, it can be seen that the 
heat-meltable fluoropolymer composite composition of the present invention obtained 
by further melting and mixing the powder mixed composition exhibits lower nitrogen 

20 gas permeability and higher storage modulus and lower nitrogen gas permeability 
than the case of 100% heat-meltable fluoropolymer fine powder (Comparative 
Example 1). Furthermore, the heat-meltable fluoropolymer composite composition 
using the heat-meltable fluoropolymer containing a functional group in place of part of 
the heat-meltable fluoropolymer (Example 9) shows lower nitrogen gas permeability 

25 and higher storage modulus than the case of the heat-meltable fluoropolymer 
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composite composition not containing the heat-meltable fluoropolymer containing a 
functional group (Example 7). 

Further, if a layered-compound organically modified with tetraphenylphosphonium 
ions is used as the layered-compound, it is possible to obtain a composite 
5 composition showing low nitrogen gas permeability and high storage modulus without 
going through the grinding and mixing process (Example 10). 

Therefore, the heat-meltable fluoropolymer composite composition of the present 
invention is useful for use as a molding material for heat-exchanger tubes in acid and 
alkali tanks requiring chemical resistance and high thermal conductivity and transfer 
10 facilities and storage containers used in the semiconductor manufacturing process 
and various chemical processes and as a lining material for piping and tanks. In 
addition, it is also useful for use in molded articles requiring high elastic modulus or 
mechanical strength because high load is applied to them. 

15 Applicability to Industrial Use: 

In the present invention, when a layered-compound organically modified with 
tetraphenylphosphonium ions is used as the layered-compound, it is possible to 
obtain a heat-meltable fluoropolymer composite composition having excellent thermal 
conductivity or dynamic properties such as gas and chemical liquid barrier properties 

20 and storage modulus only by melting and mixing the heat-meltable fluoropolymer fine 
powder and the layered-compound. 

According to the present invention, it is possible to obtain a heat-meltable 
fluoropolymer composite composition having excellent thermal conductivity or 
dynamic properties such as gas and chemical liquid barrier properties and storage 

25 modulus by grinding and mixing the heat-meltable fluoropolymer fine powder and the 
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layered-compound in advance by use of a high-speed rotary mixer or the like to 
disperse the layered-compound in the heat-meltable fluoropolymer fine powder and 
then by melting and mixing such mixture by use of a melt compounding extruder so 
that the layered-compound is further dispersed, exfoliated and exfoliated in the 
5 heat-meltable fluoropolymer fine powder. 

It is possible by selecting these raw materials, pulverizing and mixing conditions, 
melt compounding conditions, and other conditions properly to obtain easily a 
heat-meltable fluoropolymer composite composition which shows nitrogen gas 
permeability not more than 0.60 times, and/or thermal conductivity not less than 2 

1 0 times, and/or storage modulus at 25°C not less than 1 .5 times as high as those of the 
heat-meltable fluoropolymer not containing the layered-compound. 

Kinds of molded articles finally molded from the heat-meltable fluoropolymer 
composite composition of the present invention are not particularly limited but include 
those molded articles requiring higher thermal deformation temperature, high storage 

15 modulus or flexural modulus, such as tubes, sheets, rods, fibers, packings and linings, 
for example. 



